Type IIB string theory expanded around D3 brane backgrounds describes the dynamics of D3 branes as solitonic objects. On the other hand, there is a fundamental description of them via Polchinski's open strings with Dirichlet boundary conditions. Since these two descriptions describe the dynamics of the same objects, D3 branes, it is natural to believe that they are dual. Therefore at this level, we have a string-string duality as opposed to a string-field theory duality. Once we take the same limits in both descriptions, Maldacena Conjecture in its weaker form follows. We try to make this viewpoint precise and study the implication of it for the stronger form of Maldacena Conjecture. 
In the progress of string theory during the past several years, D-branes [1] have played a central role. In particular, the authors of [2, 3, 4, 5] studied the absorption of scalars by D3 branes and noticed that supergravity calculations of the cross sections for various scattering processes are reproduced by the gauge theories on the branes.
More recently, by studying the extremal 3 brane configurations of IIB supergravity Maldacena made a conjecture [7] : The weaker form of the conjecture states that IIB supergravity on AdS 5 ×S 5 is holographically [8, 9] dual to large N, N =4, d=4 Super Yang-Mills (SYM 4 ) theory and the stronger form states that IIB string theory on AdS 5 ×S 5 is dual to SYM 4 for any value of g s and N. There are several reviews of the topic, for example, [10, 11, 12, 13] .
Large amount of literature has appeared so far to support the weaker form of the conjecture. However, not much has been done along the line of proving or deriving the conjecture. In this article, we address the question of why the weaker form of the conjecture should be true. Similar reasoning appeared in [14] . However the viewpoint we take does not lead to the stronger form. Instead we seem to obtain a string-string duality. More specifically, we propose and try to make precise the following: IIB string theory on AdS 5 ×S 5 should be dual to oriented open string theory 1 propagating in the same background.
A couple of years ago, it was shown [15] objects (although there are some subtleties) and they correspond to two different stringy descriptions of D3 brane 2 dynamics: one is "fundamental" and the other is "solitonic". In the solitonic approach, one looks for a theory in which the D-branes are embedded as solitons while one would consider the coordinates of the branes as dynamical fields in the fundamental description. For convenience and reasons which will become more clear, we will use the same word "embedding" for both descriptions.
It is well known that type IIB supergravity has extremal solutions of parallel 3-brane configurations [17, 18] . coordinates for the branes and try to quantize the theory. However, a direct quantization of such extended objects is known to be a difficult task [20, 21] . Quantization of bosonic membranes has been discussed more recently in [22] . Fortunately one can strings, which will describe the reversed processes mentioned previously.
It has been argued by Witten [23] that in the low energy, the dynamics of string description with Dirichlet boundary conditions. This is exactly the concept of duality: the two descriptions must be dual since they describe the same D3 brane system, which must have unique physics, at the same energy scale, the string scale.
Therefore before taking any limits, we have a string-string duality. We will call this "fundamental-solitonic duality". In the solitonic description, closed strings are The organization of this paper is as follows: First, we briefly demonstrate that the weaker form of Maldacena conjecture follows from the fundamental-solitonic duality by taking the same limits on both sides of the two descriptions. Then we argue that in high energy, one should expect a string-string duality rather than the stronger form of the Maldacena conjecture which is a string-field theory duality. These two points can be made without finding the precise statement of the fundamental-solitonic duality.
Then we try to make this string-string duality more precise and study the additional implications of it. Finally we conclude with a summary and open problems.
To show that our viewpoint leads to the weaker form of Maldacena Conjecture, we consider N coincident D3 branes, Figure 2 . Once again, it should be emphasized that we take limits starting from the string-string duality. Other than the fact that we do not take any limit for "r", the coordinate transverse to the branes 4 , the argument should be rather familiar and we will be brief. Figure 2 (b) represents the fundamental description and Figure 2 (a) the solitonic one. Consider the low energy limit where one can neglect the massive string modes: the effective actions of both sides contain only massless string modes. We also impose the following common limits 5 on both sides, N → ∞, g s → 0, g s N =fixed but very large. First consider the description (b), the 4 We will discuss the near-horizon limit of r later.
5 Similar limits were taken in [3] . 
In the limit where g s N is very large, the geometry of the solitonic description becomes AdS 5 ×S 5 . The radius of curvature of S 5 , R, is given by
massive stringy corrections are also neglected since they are expected to come as a geometrical series of
which becomes negligibly small in the limit we are taking. Therefore we have classical supergravity on AdS 5 ×S 5 .
Since we started with two dual descriptions, the limiting theories must be dual too:
type IIB supergravity on AdS 5 ×S 5 is holographically dual to large N strongly coupled SU(N) 6 SYM 4 and the precise form of the connection between the two theories was proposed in [25, 26] .
Now we turn to the implication of our viewpoint for the stronger form of the Conjecture. It is necessary to keep only the massless modes of open string description to obtain the SYM. Since we must impose the same limit for the solitonic description, it seems to be impossible to have full IIB string theory with all the massive modes if our viewpoint is correct. In other words, without taking the limits discussed above one
will have oriented open string theory as a theory dual to IIB string theory. Therefore, instead of the stronger Conjecture, we propose below to consider oriented open string theory 7 as a theory dual to IIB string theory on AdS 5 ×S 5 .
Having argued that the fundamental-solitonic duality implies AdS 5 /CFT 4 duality in its weaker form, we now turn to the more precise statement of this string-string duality itself and study other implications of it. For this, we consider Fig 3 . From now on, we do not take any limits of g s , α ′ and N unless otherwise specified. The solitonic description, i.e., type IIB string theory on a background of N coincident D3 branes with RR charge [30] , is complicated at the technical level, given the fact that even the string theory on a simpler background such as AdS 5 ×S 5 is not completely understood although there has been some progress [31, 32, 33, 34] . The work of string field theory [37] . 9 In the low energy limit where we have a very poor resolution, the open strings on the flat hyperplane will appear as particles moving in four dimensional Minkowski space (the flat hyper-plane) and this is the space where SYM theory is defined. 10 It has been argued [38, 39] that the Dirac-Born-Infeld plus Wess-Zumino action should be expanded around AdS 5 rather than a flat background to obtain the dimension six operator predicted by supergravity [40, 41, 38] . This is natural according to our viewpoint.
string description has the same symmetries as the IIB description. At the level of DBI action plus WZ term, superconformal symmetry has been discussed in [42] . We expect to have superconformal symmetry at the level of full string theory too. After all, the symmetry should be viewed as coming from the background in the open string description too as it is true in the solitonic description.
Conclusion
In this article, the "physical" system of N coincident D3 branes, open strings and closed strings was considered. We argued that there are (at least) two ways to embed the system in string theory. The two ways correspond to two different descriptions of D3 branes: fundamental and solitonic. Since they are the descriptions of the same system, it is natural to believe that the two descriptions are dual. Taking appropriate, common limits on both sides of the descriptions leads to the weaker form of Maldacena
Conjecture. However, we argued that in high energy, it is more natural to expect a string-string duality than the stronger form of Maldacena conjecture which takes the form of a string-field theory duality. In particular, we propose that IIB string theory There are many details to fill in. Many of them are related to the poor status of string theory in various curved backgrounds. In particular, it will be very helpful to
learn about oriented open string theory in the geometry of D3 branes or AdS 5 ×S 5 .
It will also be interesting to study how precisely IIB description incorporates open string effects. We hope to make progress along these lines in near future.
